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Abstract
Assessment of societal risk perception is a different process compared to traditional
risk assessment based on probabilistic risk evaluation methods. Where uncertainty
and subjectivity exist, a structured decision making method that can capture public
10risk perception would help designers to progress toward sustainable product design.
In this article a multiple attribute decision making methodology is tested using two
groups of experts to assess possible public perceptions of gasification plants. Issues
associated with the methodology are discussed.
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151. Introduction
For design to be sustainable it must address all the issues of sustainable development:
economic, environmental, and societal. Of these it is the social issues that are proving
to be the most difficult to incorporate. A major problem has been the inability of most
people to articulate their perceived risk in terms that designers, decision-makers and
20experts can understand and use (Slovic et al., 2000).
Increasingly, societal and public concerns are forcing organizations to take a wider
view of engineering design and decision making. Some high profile cases have shown
that such concerns can substantially change organizational, national, and even inter-
national strategies and force them to engage or disengage with major projects in a way
25that they had not anticipated or prepared for, such as Balfour Beatty and the Ilisu dam
project in Turkey, Shell, and the disposal of the Brent Spar, and so on. Such public con-
cerns can arise for environmental and social reasons, as in these examples, or for
health reasons (e.g., the BSE crisis) and can also arise when the potential outcomes
and risks are not at all clear (e.g., GM foods). It is clear that public perceptions of trust
30and decisions about scientific issues are changing and are becoming more empowered
(Barr, 1996; Harry et al., 2002).
High-profile controversies and widely publicized scientific uncertainties and dis-
agreements over issues like vaccination and the safety of waste incineration have
had a profound impact on public confidence (Green Alliance, 2001). People doubt
35the ability of politicians and experts to make decisions on complex issues involving
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scientific uncertainty. Also people have become ‘‘sensitized’’ by these issues and there-
fore more likely to object.
1.1 . EVALUATING SOCIETAL RISK PERCEPTION
Why take society’s perception of risk into account during engineering design decision
40making? Traditionally in the UK, decisions have been made on the basis of expert opi-
nion and evaluation from design engineers, project management, and external regulat-
ory and advisory authorities, such as the Environment Agency or the Health and
Safety Executive. There is a normative argument that recognises the ethical reasons
for the public to be represented. Risks taken by industry, for industry’s benefit, may
45impact on society’s health and safety, civil liberty, and social welfare in the short term
and for future generations. There is also an epistemological argument that the public’s
perception of the risks may represent additional information which can contribute to
the decision model. In an area of scientific uncertainty experts will not have all the
information and often different types of knowledge and approaches can be valuable
50input. This is especially true of local communities bringing local knowledge (Barr,
1996; Green Alliance, 2001; Pidgeon, 1998).
Allowing the public to participate in decision making reassures them that the right
decisions are being made. From an industry point of view it allows for greater predict-
ability as public reaction to new technology can be assessed much earlier in the process
55avoiding any backlash to decisions at a later, and costlier, stage (House of Lords, 2000).
This offers the possibility of avoiding business decisions that are unacceptable to
society, such as the deep sea disposal of the Brent Spar (Rice and Owen, 1999).
1.2 . THE ATTRIBUTION OF PERCEIVED RISK
What factors cause the public to attribute risk to an event? People are less concerned
60with risk probability and more concerned with risk possibility and often use existing
cognitive heuristics to process this (Carter and Jackson, 1992; Hogg and Vaughan,
2002). Certain factors may augment the degree of risk attributed to an event by
society, for example controllability, social equity, familiarity, and issue salience (Barr,
1996; Pidgeon, 1998; Martorell et al., 2003); this list is not exhaustive. Many different
65factors are hypothesised to increase risk perception, and it may be possible to capture
some of these factors in order to develop indices of risk perception for inclusion in
design decision making (Slovic et al., 1984).
1.3 . MEASUREMENT OF RISK PERCEPTION
Risk is itself a complex issue: real events, outcomes, and probabilities can be determ-
70ined in many areas. Usually, the path of research has been to determine some sort
of utility, Ui, where Ui ¼ PiOi, i.e. some sort of product of probability, Pi and out-
come, Oi for each event, and to attribute some level of rationality to the perceiver. Sev-
eral theories have attempted to account for responses to personal risk (e.g., risk
homeostasis theory) but explaining the sometimes extreme and not always rational
75responses in societal terms seems to be much more difficult. Thus, informing decision
making at the design stage of any large sustainable development presents a problem.
In order to address decision making where outcomes are complex, uncertain, and have
potential impact upon the public, much research has gone into modelling the processes
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involved. In multiple attribute decision making (MADM), the decision problem is
80modelled in terms of the attributes of feasible alternatives and an optimal solution is
achieved through a process of trade off (Sen and Yang, 1998). The difficulty in integrating
environmental and societal issues with traditional design criteria is that they can be
complex, subjective, and uncertain. A fuzzy set approach allows for this uncertainty while
also enabling an option to be evaluated (Zahed, 1973; Harry et al., 2002).
85In many areas of life, ordinary people are confronted with linguistic terms relating to
scientific measures which they are obliged to interpret; an example might be weather
forecasts (‘‘the pollen count will be high today, but medium tomorrow’’). MADM may
be used so those variables in the fuzzy sets can be assessed by linguistic terms instead of
numerical values. The use of natural language allows a more direct representation of
90individuals’ information in situations that are too complex or uncertain for a precise
quantitative (numeric) term. The use of linguistic terms requires some ways of identi-
fying eventually the meaning of each of the terms, and, where there is more than one
person making the attribution, some form of weighting such as linguistic ordered
weighted average (LOWA) (Herrera et al., 1996; stoyell, 2000; Harvey et al., 2002).
951 .4 . THE USE OF A MULTIPLE ATTRIBUTE DECIS ION MODEL TO ASSESS
PUBLIC PERCEPTION OF RISK
The notion of LOWA allows us to use phrases with which people are familiar to be
equated to pre-determined levels of particular issues, and to combine these to achieve
a form of ‘average’ using a recursive process of pairwise convex combinations [14].
100However, if designers are to anticipate potential problems, such as have caused the
abandonment of some recent major projects, not only the best scenario must be con-
sidered but also the worst. When groups of experts meet to ascertain what perceptions
might be about a particular project, we can assume that each expert is specialized and
therefore will be less ‘expert’ in some areas and more ‘expert’ in others. Therefore in
105order to obtain the most meaningful weights for the importance of issues, some means
needs to be found to allow greater influence on these weights to reflect greater
amounts of expertise. MADMwould seem to present a solution to this by incorporating
further weighting according to expertise and using these as multipliers in relation to
the importance of the issues. So the final product of the importance (moderated by
110expertise level) and the probability using expert-defined linguistic operators offers
a real possibility of understanding public perception of risk associated with a project.
In order to investigate this, gasification of carbon-based waste has been chosen to be
evaluated using MADM with two groups of experts.
2. Method
115The method involves seven stages:
1. Establishment of the criteria or issues, to include the best and worst scenarios,
through brainstorming by a group of experts.
2. All criteria are assessed (assigned a score between 1 and 10) on importance by
each expert; the scores are then normalised.
1203. In order to give each expert a weighting according to their area(s) of expertise,
they each rate their confidence (between 1 and 10) in their knowledge=opinions
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inions for each criterion. These ratings are then multiplied by the normalized
ratings from [b] above, yielding a weight for each issue. These final weights
remain for the assessments by both experts and any members of the public.
1254. The group of experts defines or anchors the linguistic terms for each criterion,
using a 7-point scale, from very high, high, moderately high, medium, moder-
ately low, low, and very low (VH, H, MH, M, ML, L, and VL respectively); this
allows a mid-point within a range that is easily handled and not too fuzzy
(Oppenheim, 1994; Valls and Torra, 2000). These definitions should be objective
130where possible, subjective where not possible; the scaling of the linguistic terms
need not be linear (Herrera and Verdegay, 1997; Rem et al., 1992).
5. Each expert rates each criterion using the linguistic terms. It would be equally
possible for members of the public to do this, but confining it to experts at this
stage provides their perception of the public’s responses, which is the purpose of
135the investigation here—to see if experts can anticipate public perceptions and
concerns using this method.
6. These linguistic ratings for the experts are combined, using the recursive process of
pairwise convex combinations [14], to yield an ‘average’ LOWA for each criterion.
7. By allocating a score to the LOWAs from 1 to 7, these can be multiplied by the
140normalised weights from [c] to provide final ‘scores’ for each criterion which
can then be considered according to their scores and ranked if desired.
The materials involved in this study include: information concerning the ‘project’
to be considered, in this case a gasification plant; sheets for the experts to record the
criteria and the ratings; an Excel spreadsheet to enable the normalizing and other
145calculations to be performed.
2.1 . SAMPLE
Two groups of four people each were assembled; group members represented several
areas of expertise, including engineers, chemical engineers, and psychological issues
concerning perception of risk and attitudes to clean technology. Qualifications of group
150members ranged from doctoral to postgraduate. Each group had a facilitator to explain
and, where necessary, help the procedure.
2.2 . PROCEDURE
The groups were given a demonstration about what a gasification plant involves and
access to further expertise they might need in terms of measurement. Then the groups
155went through the stages outlined in the method separately, operating to a provisional
timetable to ensure that, for example, by the end of hour 1 stages a, b, and c were com-
pleted. Two hours were allowed for the whole exercise, as might be typical in a meet-
ing in a workplace.
3. Results
160The first stage in the MADM process was to obtain a list of issues. The issues for group 1
are listed in Table 1, along with the importance ratings, normalised, for each of the four
experts. The table shows moderate amounts of agreement across the experts; too much
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agreement would imply that the expertise was common across the group, which would
not be desirable as they should be expert in different facets and functions of gasification.
165Table 2 shows the assessments by the experts in group 1 of their own expertise across
the 13 issues. Again, this shows variation which is what is needed and expected if the
group contained a good mix of different areas of expertise. The table also shows the pro-
duct of each importance weight and the expertise rating (multiplied by 100 so the data
can be seen to 3sf), and the final column shows these presented in normalized form.
Table 1. Experts evaluations (e) of the importance of the issues, normalized
Experts evaluations (e)
Issue 1 e 2 e 3 e 4 e
1. Low public knowledge=understanding 0.099 0.060 0.056 0.094
2. Explosion 0.110 0.120 0.111 0.047
3. Size of building 0.088 0.084 0.100 0.118
4. Emissions 0.110 0.096 0.100 0.106
5. Noise from process itself 0.077 0.096 0.089 0.071
6. Noise from lorries 0.077 0.072 0.089 0.082
7. Contamination of ground water 0.011 0.024 0.022 0.024
8. Contamination of ash 0.022 0.024 0.033 0.082
9. Thermal pollution 0.088 0.072 0.056 0.071
10. Ugliness of building 0.088 0.108 0.100 0.118
11. House price devaluation 0.110 0.120 0.111 0.118
12. Relocation in case of accident 0.077 0.084 0.089 0.047
13. Terrorism possibility 0.044 0.036 0.044 0.024
Table 2. Experts confidence ratings (0ÿ10 scale) of own level of expertise (c) normalized
Expert evaluations (c)
R(ci ei)
100
R(ci ei)
normalized
(n)Issue 1 c 2 c 3 c 4 c
1. Low public knowledge=understand 0.094 0.121 0.084 0.017 2.283 0.076
2. Explosion 0.071 0.155 0.042 0.167 3.897 0.130
3. Size of building 0.047 0.069 0.095 0.033 2.335 0.078
4. Emissions 0.094 0.052 0.095 0.150 4.068 0.135
5. Noise from process itself 0.059 0.069 0.084 0.133 2.807 0.093
6. Noise from lorries 0.059 0.086 0.084 0.050 2.236 0.074
7. Ground water contamination 0.106 0.052 0.095 0.167 0.844 0.028
8. Contamination of ash 0.118 0.034 0.095 0.083 1.344 0.045
9. Thermal pollution 0.094 0.069 0.074 0.117 2.559 0.085
10. Ugliness of building 0.035 0.086 0.063 0.033 2.269 0.076
11. House price devaluation 0.035 0.103 0.084 0.017 2.766 0.092
12. Relocation in case of accident 0.082 0.069 0.053 0.017 1.761 0.059
13. Terrorism possibility 0.106 0.034 0.053 0.017 0.863 0.029
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170The process of defining linguistic anchor points with which to make ratings of risk was
perceived to be time-consuming and not easy to do by the participants in both groups.
Mostly, the groups defined the top (VH), middle (M), and lowest (VL) anchors rather than
all 7; it was possible for some issues where this type of anchoring was available in other
domains to define them all, such as traffic noise and loss of house value. Some anchor
175points were defined subjectively because objective measures were not available due to
the nature of the issue, such as the aesthetic issues about how an ugly building might
offend. Once anchor points had been established, the experts each rated all the issues
using the linguistic terms. These were aggregated using the LOWA method (Rl in the
table), and the aggregate converted into a simple linear score; these are shown in Table 3.
180The final stage was to multiply the LOWA score by the normalised importance=
expertise weights to obtain a final ‘score’. In Table 3, these scores range from .980
for ‘explosion’ to .028 for ‘contamination of ground water’. It is interesting to note
here that the top two are clearly differentiated, then a medium high group of three
(.426ÿ.553), then a lower medium group of five (.293ÿ.389) and a lowest group of
185three (.179ÿ.028), making four risk groups of factors overall. Some of the experts felt
some discomfort that some issues might have been over-inflated but these may
indeed reflect public perceptions quite well, which is the purpose of this MADM task.
For the second group, the data are presented in summary form in Table 4. The same
procedure as above has been applied to the 10 issues generated by this group. As can be
190seen in the table, the issues generated are slightly different to those of group 1, in terms
of contaminants and some of the more subjective issues such as public knowledge and
response to aesthetic issues.
As with group 1, the factors from group 2 are in several risk groups with four in the
highest group (from .984 to 1.230), two in a medium-high group (.615ÿ.886), two
195medium (.369ÿ.492), one low, and one very low.
Table 3. Expert evaluations of risk using LOWA and final score and rankings
Issue
Expert evaluations (l) of
actual risk using LOWA
LOWA
Rl score L n
n x L
score
Rank of
n x L1 l 2 l 3 l 4 l
1. Low public knowledge MH H MH MH MH 5 0.076 0.380 7
2. Explosion VH VH VH MH VH 7 0.130 0.908 1
3. Size of building MH M MH VH MH 5 0.078 0.389 6
4. Emissions VH M MH VH H 6 0.135 0.813 2
5. Noise from process MH ML MH ML M 4 0.093 0.374 8
6. Noise from lorries ML L MH H M 4 0.074 0.298 10
7. Contaminated ground
water
VL L L L VL 1 0.028 0.028 13
8. Contamination ash L VL ML H M 4 0.045 0.179 11
9. Thermal pollution MH ML ML H MH 5 0.085 0.426 5
10. Ugliness building H M H VH H 6 0.076 0.453 4
11. House devaluation VH MH H H H 6 0.092 0.553 3
12. Relocation H M MH L MH 5 0.059 0.293 9
13. Terrorism L VL ML L L 2 0.029 0.057 12
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In a real setting, groups’ lists of issues could be pooled into one single group, and the
linguistic ratings considered for the one overall issue list. In this study, it is interesting
to note that the two groups generated many of the same issues, thus helping to validate
the method itself. However, they gave different rankings for some issues (e.g.,
200explosion), summarised in Table 5. These differences reflect the dilemma that some
of the experts felt was an issue—that they were trying to anticipate public responses
which might conflict with the real probability of risk.
Designers may therefore want to consider those criteria which have the highest
linguistic ratings, since those are likely to generate considerable public concerns. How-
205ever, the importance of the criterion may also reflect public opinion. The final rankings
in this study make it very clear indeed that there are in fact several groups of primary
public concerns, but that the experts disagree to some extent about how the public
may respond to some of them.
This method may be repeated for each option that may be considered feasible by the
210designers, so if alternatives to gasification were being considered, this process could be
repeated. It may also be used as a linguistic tool to allow members of the public to
evaluate various options and risks directly.
4. Discussion and conclusion
The MADMmethod tested here presents a way of obtaining some relative evaluation of
215risks by ‘pooling’ the judgements of experts in two ways: to establish the weightings and
Table 4. Summary data for expert group 2
Issue
R(ciei)
100
R(ciei)
normalized
LOWA
Rl
LOWA
score L
n x L
score
Rank of
n x L
1. Risk of explosion 3.235 .080 ML 3 .074 10
2. Loss of amenity value 4.138 .102 H 6 .295 9
3. Fall in property value 4.736 .117 MH 5 .369 8
4. Land contamination from input 3.831 .094 MH 5 .492 7
5. Land contamination from ash 3.089 .076 MH 5 .615 6
6. Gaseous emissions 5.483 .135 H 6 .886 5
7. Smell from handling 4.784 .118 H 6 1.033 3
8. Noise from process 4.491 .111 MH 5 .984 4
9. Traffic pollution 3.348 .082 MH 5 1.107 2
10. Transport noise 3.506 .086 MH 5 1.230 1
Table 5. Main risk groupings from the two experts groups
Risk grouping Group 1 risks=losses Group 2 risks=losses
High Explosion emissions Noise pollution
Medium high Monetary Contamination
Medium Noise Monetary=amenity
Medium low Contamination
Low Terrorism Explosion
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to evaluate risks and outcomes linguistically by the use of a recursive process of pairwise
convex combinations to aggregate the ratings. For the two groups operating in real time,
it was not an easy task to do, particularly defining the anchor points for the scales; how-
ever, this task was predicted to be difficult (Harvey et al., 2002). To find linguistic terms
220that are meaningful to both the experts who are defining them as well as the public who
might be using them is not a simple activity, especially when scales are quite likely to be
non-linear as well as inherently fuzzy (e.g., noise follows a log scale but perception of
noise may contain additional biases); several authors have referred to possible distribu-
tions such as trapezoidal or triangular (Harvey et al., 2002; Herrera and Verdegay,
2251997); this is why the scaling must be decided by experts and not by the public.
If the scaling is not defined and anchored, people will do this anyway as they make
judgements about what constitutes high, medium and low levels of whatever risk they
are considering; this process of making judgements using linguistic terms is a natural
part of everyday behavior and may be undertaken with little or no experience of
230the issue in question (Hogg and Vaughan, 2002). If a project is potentially contentious,
the influence of the media and the social amplification of risk may create or more
anchor points which are very far from reality but which nevertheless drive public
responses to those perceived risks (Renn et al., 1992).
There are several group process issues which arise in MADM, and are illustrated by this
235study. These include the roles the experts play—do they focus on their own area of expert-
ise and make judgements solely from that perspective, make judgements in other areas
because they have an interest but perhaps little knowledge about the issue, or try to make
judgements about other areas as they feel members of the public might do? Anecdotal
feedback suggests that this latter point may have led group 1 to place more emphasis
240on the possibility of a gasification plant exploding that they might otherwise have done.
It has been shown in many social psychology investigations that people are entirely able
to make judgements based on little or no information or expertise, and recent experience
with large scale projects’ problems and failures would suggest the possibility that some
issues must be considered as more important than perhaps the designers would wish, if
245they are to avoid problems which continue to arise with projects (Slovic et al., 2000; Barr,
1996; Harvey et al., 2002; green Alliance, 2001).
A further group process issue is how the group dynamics affect how the group oper-
ates; for example, there could be biases introduced by the dominance of some group
members, a shift to caution for issues which experts consider unimportant but which
250the public may consider important, groupthink, effects of group norms, and so on.
These are well documented in the literature in social psychology and organizational
behaviour but are clearly relevant here.
The purpose of a MADM approach is primarily to inform engineering designers of
the possibilities of public perceptions and beliefs in relation to the risks involved in
255the various design options that they may wish to consider, in order that issues may
be anticipated rather than confronted when it is too late. Many designers are aware
of their responsibilities relating to the sustainability of their products but they lack
appropriate tools and methodologies to allow them to bring the issues fully into the
mainstream of the engineering design process (Stoyell et al., 1999). Robust decision
260making methods applicable throughout the design life-cycle stage are needed to ensure
sustainability objectives developed early in the design process are adhered to when in
conflict with traditional criteria such as cost, weight, and reliability. The work reported
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here may provide some help by formalizing what is currently a qualitative, uncertain,
and subjective process. However, this process is not without its problems in implemen-
265tation, requiring the bringing together of a group of experts which includes areas of
expertise in public perception as well as the more conventional engineering and asso-
ciated disciplines. This study has also highlighted the need for a facilitator to steer the
group through the MADM process itself.
There are other methods available to allow public perceptions of risk to be assessed,
270including those which ask the public themselves, such as the Carnegie-Mellon risk
ranking method which uses pre-defined lists of risks covering human health and safety
impacts and environmental impacts (Willis, et al., 2004). This method differs in several
ways: it allows the risks to be generated during the method, takes into account expert-
ise as a multiplier and uses linguistic judgements rather than purely numerical ones. It
275is possible that the two methods might well produce differences in terms of weighting
of risk as a result, but this remains to be tested.
The mathematics of assembling weights and normalising them, then multiplying by
linguistic ratings is one which derives from largely judgmental and subjective scores
and ratings. This level of operation can be easily accomplished using an excel spread-
280sheet, which works well for this purpose. There are other mathematical methods
aimed at enhancing the decision-making process, which are more complex than this;
the use of these cannot be recommended when group members have the difficulties
found here in defining and anchoring the linguistic terms, and when so many of the
issues compiled need to be judged subjectively by experts and indeed by the public.
285The use of more complex mathematics would introduce spurious accuracy to the
predictions of public perceptions.
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